Atomizer Device and Method for the Production 
of a Liquid-Gas Mixture 

5 Field of the Invention 

The invention relates to a device for the production of a liquid-gas mixture 
according to the preamble of the first claim. 

The invention likewise relates to a method for the production of a liquid-gas 
mixture according to the preamble of the independent method claim. 

10 

Description of Prior Art 

From EP 0 990 801 is known an atomizer device for the production of a liquid- 
gas mixture which is used in a method of isothermal compression. The isothermally 
compressed gas, preferably air, is supplied to a gas turbine, the efficiency of which can 

1 5 thereby be improved. An atomizer device consists of plural annular nozzles arranged 
concentrically of one another and connected together by connecting channels. Air is 
supplied to the water emerging from the annular nozzles through apertures formed 
between the annular nozzles. The atomizer nozzle covers the whole aperture of the Laval 
nozzle, in order to form over the whole aperture a homogeneous spray cloud consisting of 

20 individual liquid droplets. A further atomizer nozzle likewise consists of plural annular 
nozzles arranged concentrically of one another, connected together by connecting 
channels and covering the aperture of the Laval nozzle. The feed of water and air is 
adjusted here, however, so that a foam-like mixture is formed in which air bubbles are 
enclosed by liquid. 
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Summary Of The Invention 

The invention has as its object to increase the efficiency of atomization in an 
atomizer device and in a method of the kind mentioned at the beginning. 

According to the invention, this is attained by means of the features of the 
30 independent claims. 
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The core of the invention is thus that the atomizer device consists of a nozzle 
member which includes an at least approximately central pipe for the gaseous medium 
and a nozzle chamber for feeding liquid, surrounding this central pipe, the liquid feed 
having means for the production of a swirled liquid flow in the nozzle chamber, and the 
5 swirled flow, emerging from the nozzle member through a nozzle opening, coaxially 
enclosing the gaseous medium. 

Thus a swirling spray of hollow conical form is produced at the nozzle aperture of 
the atomizer device by means arranged on or in the atomizer device for producing a 
swirled liquid flow. Gaseous medium is fed into the reduced pressure zone in the interior 

10 of the hollow conical shaped spray via the central pipe. 

The advantages of the invention are, among other things, that the liquid emerging 
from the atomizer device into a swirling flow forms a central reduced pressure zone into 
which a larger amount of gas flows than in atomizer nozzles known heretofore. The 
efficiency of the overall system is also increased by increasing the amount of entrained 

15 gaseous medium. The atomizing quality is increased by the improved atomization due to 
the hollow conical shaped spray and the smaller thickness of the liquid film emerging 
from the annular nozzle aperture. The improved atomization leads in its turn to the 
possibility of reducing the length of the Laval nozzle, since a shorter mixing time is 
required for the production of a bubbly mixture. 

20 Further advantageous embodiments of the invention will become apparent from 

the independent claims. 



Brief Description Of The Drawings 

Embodiment examples of the invention are explained in detail hereinafter, using 
25 the drawings. Like elements are given the same reference numerals in the different 
Figures. The flow direction of the media is indicated by arrows. 

Fig. 1 is a schematic diagram of a gas turbine plant with preceding isothermal 
compression; 

30 Fig. 2 is a partial longitudinal section through an atomizer device; 
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Fig. 3 is a partial cross section through the atomizer device along the line A- A of 
Fig. 2. 

Only those elements essential for the immediate understanding of the invention 
5 are shown. 

Description Of Preferred Embodiments 

According to Fig. 1, isothermal compression is used for precompression in a 
schematically shown gas turbine plant. Water 15, either from a high-level reservoir or, as 

1 0 shown, pressurized by means of a water pump 1 , is supplied via a water duct 1 1 to an 
atomizer device 2, is atomized in the nozzle inlet region of a mixing pipe 3 in the 
atomizer device 2 to a liquid-air mixture 4 with the addition of air 13 supplied by means 
of a feed duct 16, and is obtained in very finely divided small liquid droplets. The 
mixing pipe 3 is constituted as a vertically arranged drop shaft through which the liquid- 

15 air mixture 4 flows vertically downward, accelerated by gravity. In the region of the 
tapering internal contour of the diffuser 3a, kinetic energy is withdrawn from the liquid 
droplets, by means of which the air contained in the liquid-air mixture 4 is compressed. 
The diffuser 3 a is connected downstream to a high pressure chamber 5 in which the 
highly compressed air is separated from the liquid in an air/water separator 12. The 

20 isothermally precompressed air is supplied via a corresponding high pressure duct 6 to a 
further compressor stage 7, which is connected in succession to a combustion chamber 8 
in which fuel mixed with the precompressed air is ignited. The hot gases expanding in 
the combustion chamber drive the turbine 9 which is connected in its turn to a generator 
10 for current production. The separated water is fed back again to the atomizer device 2 

25 by means of the pump 1 and the water duct 11. For cooling the supplied water, this can 
be cooled by means of a water cooler 14 arranged in the water duct 1 1 . 

Basically it is to be recorded that the length of the mixing pipe 3 required for 
compression does not depend on the power of the gas turbine, but depends very strongly 
on the quality of atomization with which the atomizer device 2 atomizes the liquid into 

30 very fine liquid droplets. The length likewise depends on the nozzle efficiency and also 
on the pressure ratio with which the liquid to be atomized is supplied to the atomizer 
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device 2. Thus the length of the mixing pipe 3 decreases with decreasing droplet 
diameter or decreasing compression efficiency. Typical nozzle lengths are 20 m at 
moderate atomization quality, as against which nozzle lengths can be shortened to 6-10 m 
at higher atomization quality. For the use of a gas turbine, the air mass throughflow of 
5 which is about 400 kg per second, typical inlet nozzle apertures of 2 m and outlet 
diameter of about 3 m are possible for Laval nozzles. Basically it is also possible to 
combine gas turbines, steam turbines, and also exhaust gas recuperators together with 
isothermal compression. It is furthermore to be recorded that the use of isothermal 
compression leads to a marked rise of the power density and also of the efficiency of gas 
10 turbines, compared with single-stage cooled systems. Further embodiments and 

arrangements can be gathered from EP 0 990 801 Al, which is incorporated herein by 
reference. 

The atomizer nozzle 2 is shown in longitudinal section in Fig. 2 and in cross 
section in Fig. 3. In a nozzle member 20, the water 1 5 is conducted to the annular nozzle 

1 5 chamber 1 8 surrounding the air feed duct 1 6 by means of water feed ducts 1 7 running 
tangentially of the central air feed 16. The nozzle chamber is tapered toward the annular 
nozzle aperture 19. Water 15 is forwarded through the water feed ducts 17 to the nozzle 
chamber 1 8 by means of the pump 1 . Because of the tangential introduction of the water 
into the nozzle chamber 18, a swirled flow is formed which is further accelerated in the 

20 tapering cross section toward the nozzle outlet aperture 19. On leaving the atomizer 
device 2, a spray 21 of hollow conical form arises which forms a reduced pressure zone 
22 in the region which it encloses. Air 13 is sucked in via the air feed and entrained by 
this reduced pressure zone 22. The amount of air entrained by means of the pressure 
zone is clearly higher than in heretofore known atomizer nozzles. Directly at the nozzle 

25 outlet 19, the spray 21 is still a liquid film, which is subjected to strong surface tension 
forces, leading to instabilities because of the large specific surface. This leads to rapid 
atomization downstream of the nozzle aperture. The well atomized spray 21 is mixed 
with the entrained air 13 and forms a two-phase mixture 4 of air and liquid. As described 
hereinabove, the mixing process requires a given length, and the efficiency of mixing is 

30 inversely proportional to the drop size, i.e., the smaller the drops the higher is the 

efficiency. With an appropriate residence time in the Laval nozzle, the mixing leads to a 
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bubbly mixture in which the air is enclosed in liquid droplets, which in turn leads to 
isothermal compression of the air. Due to the large quantity of entrained air, the high 
atomization quality, and the short mixing time for the production of the bubbly mixture, 
the height of the Laval nozzle can therefore be greatly reduced. 
5 The invention is of course not limited to the embodiment example described and 

illustrated. For the production of the swirl flow in the nozzle chamber, only one 
tangential water feed, or more than two tangential water feeds, can be used. The design 
of the tangential water feeds with respect to their position and their internal dimensions 
takes place corresponding to the desired external angle of the spray, the desired amount 
10 of entrained air, the available water pressure and the flow rate of the water. In the region 
of the nozzle chamber, other means for producing a swirled liquid flow can be arranged 
in the nozzle chamber, e.g., deflecting channels arranged in or outside the nozzle 
chamber. 
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List of Reference Numerals 





1 


water pump 


5 


2 


atomizer device 




3 


mixing pipe 




3a 


diffuser 




4 


liquid-air mixture 




5 


high pressure chamber 
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6 


high pressure feed duct 




7 


compressor 




8 


combustion chamber 




9 


turbine 




10 


generator 


15 


11 


water duct 




12 


air/water separator 




13 


air 




14 


water cooler 




15 


water 


20 


16 


air feed 




17 


tangential water feed 




18 


nozzle chamber 




19 


nozzle aperture 




20 


nozzle member 


25 


21 


hollow conical form spi 




22 


reduced pressure zone 



